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300MPH7-w lo-foot
tuunelandthe~ey gusttunneltodeterminethest&ic-longitudinal.
aerodynamiccharacteristicsandthegust-alleviationcapabilitiesof
forward-located(at12percentchord)ftiedspoilers,deflectors,a a
spoiler~eflectorcombinationona simulatedtransportairplanemodel
havingallunsweptwing.

TheUft-curveslopesarefairlylineszandaresubstantiallyreduced
bytheadditionofeitherthespoilerordeflectbrconfiguration;howev=,
thelift-curveslopeW- nome= fortieWoiler-deflectorcombination.
Extendingthedeflectorsnecessitatesonlysmallchangesh attitudeand
triminordertomatitaina givenltitcoefficient,whereasextendingthe
spoilerorthespoiler-deflectorccmibinationrequireslargechsnges.

Eoththespoilerandthedeflectorcotiigurationsappeartobeeffec-
tiveinreductigthenormalaccelerationinbothanupgustanda down
gust. Itwouldappearfromthegust-tunnelandwlud-tunneltestsreported
hereinthata forward-locatedfixeddeflectorwouldbea practicableand
effectivealleviatorofgustloadsonanairplanehawingunsweptwtngs
whenturbulenceisencounteredinasmuchas.itreducesthenormalaccel-
erations,aidsinslowdowntorough-airspeed,andrequtiesonlysmall
trimchanges.

fieliminaryresultsobtainedintheLsngley300MPH7- by 10-foot
tunnelona modelhavinga 35° sweptbackwzlnghaveindicatedthatdeflec-
tors,tohavethesameeffectivenessasreportedfortheunswept-wing
model,wouldhavetobelocatedmorerearwardonthesweptw- and
wouldpossiblyrequhelargerprojections.

?J llW!RODUCTION

,, Oneapproachtogustalleviationinflightthro@ roughah isto
slowdowntowhatiscalledthe“rough-ahspeed,”inasmuchasthemag-
nitudeofthenormalaccelerationvariesdirectlywiththeforwardspeed
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ofthea@ilane.Thenewerhi@-speedtransports,whichareaer@y-
namicallycleanerend,ueaver,havea largespreadbetweenthecruising
speedandtherough-airspeed,reqyireconsiderabletimetoslowdown u
totherough-airspeed.(Seeref.1.) Jnasmuchas*emely roughair ~
maybeencounteredduringtheslowdown,itisdesirablefroma structural,
anda passeuger-comfortpoiutofviewtoreducethenormalaccelerations
duetotheroughairbothduringtheslowdownandaftertherough-afi
speedhasbeenreached.

Oneofthemanydevicesthathasbeenproposedforuseinreducing
theacc~lerationeffectsofrough- isthespoiler.E thespoiler
islocatedneerthewingleadingedge,itshouldbe capableofreducing
theaccelerationbecauseofthereductioninMft-curveslope.This
lossinlift-curveslopeisassociatedwiththeinsensitivityofthe
separatedregionreerward ofthespoilertochsmgeinangleofattack.
Thisassumptionhasbeenverifiedby inspectionofthepressure-
distributiondataavailableforspoilersonunsweptwings.E the
spoilerislocatedoutboardonthewing,itshouldreducethewingroot
bendingmomentby shiftingthecenterofloadtibosrd.Inaddition,
spoilershavebeenshowntobepowerfulspeedbrskes(ref.2)andshould -
beusefulinslowlngdowntorough-airspeedsandinrapiddescents.

Anevaluationofa fixedspoilerasa meansofreducingthenormal .
accelerationduetoa gustwaamadeintheIangleygusttunnelandis
reportedinreference3. Onlyonespoikrconfiguration,whichhada
smalll.projection,wastested.Thespoilerinvestigatedextendedalong
90percentofthewingspa,waslocatedalongthe12-percent-chord
line,andprojetted2.5percentchord.Theresultspresentedinrefer-
ence3 indicatethatthereductioninU.ft-curvesloperealizedfora
forward-locatedfixedspoilerreducedthemaximumaccelerationbyabuut
30percentina representativegustofll?-chordgradientU.stance.
However,therewaanoreductioninmsximmaccelerationina nonrepre-
sentativesharp-edgegust.Theineffectivenessinthesharp-edgegust
probablyresultedeitherfroma largelagineffactivenessassociated
withfarwsrd-locatedspoilers(refs.3 and4)orfromthenonlinear
lift-curveslopesassociatedwithspoilersofsmallprojectionlocated
wellforwardonthewing.

Thepresentpaperreevaluatestheproblembyusingspoilersof
sufficientprojection(7.5percentchord)toassurea near-linearltl?t-
curveslopeandbyusinglower-s@acespoilers(hereinafterreferred
toasdeflectors).Thedeflectorsexhibitaboutthesamereductionin
lift-curveslopeasthespoilersbut,asshowninreference4,should
havesmalllag.TheinvestigationhasbeenconductedtitieLa@@
300MPH7-by10-foottunnelsndtheLangleygusttunnelona simulated o
transpwtaWplanemodeltodeterndnetheaerodynamiccharacteristics m
inpitchandthegust-alleviationcapabilitiesoftheforward-located
fixedspoilersenddeflectors.
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Theresultsofthetestsarepresentedasstandardcoefficients
offcmcesandmomentsaboutthewindaxes.
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Mm ANDAPE!

Thexmxlelusedh thepresenttivestigationsimulateda transport
ab@.anewithunsweptW5ngs. A three-viewdrawingandthephysical

a

characteristicsofthemodelareshownh figure1. Themodelwas
equippedwithftiedspofiers,deflectors,ora spoiler-deflectorcombha- .‘
tion,whichhada projectionof0.075cperpendiculartothesurface,
attachedatthe12-percent-chordltieasshowninfigure1.

ThespansofthevariousconfigurationstestedwereasfolJows:

spoiler. . . . . . . . . . . . . . . . . . . . . . . . -0.31 0.98
Deflectcn?. . . . . . . . . . . . . . . . . . . . . . .

{
0.31 o-%
0.51 0.%

Spoiler-deflectorcordxlnation. . . . . . . . . . . . . 0.51 0.%

Thecontrolsmeasuredflrom0.31b/2toO.98b/2andfrom0.51b/2to0.98b/2
arehereinafterreferredtoas2/3-spanendl/2-spancontrols,respectively.

!l?hemodelhadanall-movablehorizontaltailwhichpivutedaboutthe
25-percent.-chordpointofthetailroot.Thestaticlongitudinalaerody-
namiccharacteristicsofthemdelwereobtatiedonthesingle-strut
supportsystemh theLangley3CKlMPH7- by 10-foottunnel.(Seefig.29)

TheLangleygusttunnelandItsequipmentsxedescribedinrefer-
ences5 and6. For~estigattonsinthegusttunnelthemodelwas
fittedwitha recdingaccelerometerlocatedatthemdel centerof

—. -.
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gravityandhadsmalllightsinthenoseand.tailfromwhichthespeed,
thefli@tpath,andtheattitudeofthemodelcouldbedetermined.The
veloci~distributionsmeasuredinthegusttunnel,correspondtothe
testconditions,areshowntifigure3 asa functionofmean-aer@ynamic-
chordpenetration.

TESTS

.

Theteststodeterminethestaticaerodynamiccharacteristicsof
themodelinpitchweremadeonthesingle-strutsupportsystemh the
UW 300MPH7- by 10-fotitunnel.Thesetestsweremadeata dynamic
pressureofapproximately12.5poundspersqyarefoot,correspondingto
anairspeedofabout100feetpersecond.Reynoldsnuniberforthis
atispeed,basedonthemeanaerodynamicchordofthemodel(F= 0:69foot),
wasapproximately0.4 x d.

Thedynemicteststodeterndnethenormalaccelerationandpitching
behaviaofthevariousmodelconfigurationsina sharp-edgegustwere
madeintheIangleygusttunnel.Mrmtofthetestsinthegusttunnel
weremadeata liftcoefficientofabout0.38,whichcorrespondstoa
modelforwardspeedofapproximately98feetper-second.Theplati*
andwingwithdeflectorsweretestedatgustvelocitiesof0,10,and
15feetpersecond.Thespoilerandspoiler-deflectorcombinationwere
testedatgustvelocitiesofO and15feetpersecond.

A minimumoffivesuccessfulfli@tsthroughthegustwasmadefor
eachofthetestconditions.Measurementsofforwardspeed,gustveloci@,
normal-accelerationincrement,andpitch-sngleincrti weremadefor
eachflight.Inaddition,a fewflightsofthebasicmodel(mdelwith
nospoilers)andthe2/3-spanspoilerconfigurationweremadeata 1~
coefficientofabout0.23,whichcorrespondstoa forwardspeedof
120feetpersecond,atgustvelocitiesof.0and10feetpersecond.

coRRm!moNs

DataobtainedinLangley300MPH7- by 10-FootTunnel

Thevaluesforangleofattackanddrag,w~chwereobtatiedinthe
hngley300MPH7-by10-foottunnel,havebeencorrectedforjet-boundary
effectsbythemethodofreference7. Jet-boundazycorrectionsapplied
axeasfollows:

AU= 0.342~

Aq-J= O.cmcf

. . . . . . . . . . . .... . —-— ----— .—— —- .— - ..— —— ------ -- -— -
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Thedatahavebeencorrectedfortunnelafi-flowmisaltiement,
tunnelblockage,andlongitudinalpressure~ient h thetunnel.Tare =
correctionsforthesjngle-supportstru%havebeenappliedtothesedata.

DataObtainedinLangleyGust Tunnel

Theaccelerationhistories,whichwereobtainedintheLangleygust
tunnel,werecorrectedfor~or variationsoftheairdensity,gust
velocity,andmodelweightfromthespecifiedtestconditionsonthe
assumptionthatthevaluesofaccelerationaredirectlyproportionalto
theah a~sityandgustveloci~andhverselyproportionaltothe
mdelweight.Thepitch-anglehistorieshavenotbeencorrectedforthe
smallvariationsfromthespecffiedtestconditionsbecausethesecorrec-
tionssrewithintheaccuracyofthepitch-anglemeasurements.

RESULTSANDDISCUSS~N

StaticorForceTest .

Theaerodynamiccbaracteristi$sinpitchofthemodelwereobtained “
intheLangley300MM 7-by10-foottuunelandarepresentedinfig-
ure4. Thevariationofliftcoefficiexrtwithangleofattackwasfairly
13nearendthelift-curveslopesweresubstantiallyreducedfromthose
obtain~forthebasicconfiguration(fig.4(a))bytheadditionofeither
thedeflector(figs.k(b)andh(c))orthespoiler(fig.k(d)).In
contmast,thespoiler+leflectorconfigurationhadlsrgenonlhesrities
throughoutthelift-coefficientrange(fig.4(e)). A comparisonofthe
aerodynamiccharacteristicsinpitchoftheconfigurationstestedis
presentedinfigure5. Thetailsettingsusedfortheset+tswere
approximatelythesameasthoseusedinthegust-tunueltests.1%isof
particulartiteresttonotethatprojectionofthedeflectorrequired,
ingeneral,onlysmallchangesinangleofattacktomatitatia given
ltitcoefficient,whereasprojectionofeitherthespoilerorthespoiler-
deflectorcombinationreqtiedlargechsmgesinsingleofattack.

Thetaileffectivenessd~ld~ wasdecreasedbytheadditionof
eitherthedeflectworthespoiler.Thegreatestdecreaseineffac-
tivenesswasnotedforthespoilerconfiguration,whichalsogavethe
largestchangeinlongitudinaltrim.Thelongitudinalstabilityd~ld~
wasincreased~ additionofallthedevices&ceptthespoiler-defle&or
combination. o

Onlythe2/3-spsnspoilerconfigurationcauseda substantialchange
h dragcoefficientastheliftcoefficientchanged;however,allspoiler ,

.
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anddeflectorconfigurationsincreasedthedragcoefficientconsiderably,
especiallythespoilerandspoiler-deflectorcombinatia.Ata liftcoef-
ficientof0.38,theratiooflifttodragforthebasicmodelwasapprox-
imately16,forthedeflectorconfigurations,a~ximately6j andforthe
spoilerconfiguration,approximately2;therefore,anyofthedevices
wouldbeeffectiveasanaerodynamicbrake. .

RelimhsryresultsobtainedintheLangley300MPH7-by10-foot
tunnelindicatethatdeflectacs,tohavethesameeffectivenessona
35°sweptbackdng asontheun.sw&ptwingofthepresentinvestigation,
wouldneedtobelocatedata moreresxwexdpositiononthesweptwing

. andwouldpossiblyregytrelargerprojections.

-c or Gust-TunnelTest

Therecordsforeachflightwereevaluatedtoobtaintimehistories
ofthenormal-accelerationincrementandthepitch-angleincrementin
thesharp-edgegusts.b ordertoobtaintheeffectofthegust,the
pitchanglesandnormalaccelerationsusedinthisinvestigationarethe
differencebetweentheaveragevaluesobtatiedduringflightswithgusts
andwithnogusts. -

F& allteststherewereoscillationsintheacceleratimhistories.
(Forexample,seefig.6.) Theseoscillationswereofthessmefre~ency
asthefirstbendingmodeofthewing;consequently,therecordswere
fairedasshown@ figure6 to obtainthevariationsofaccelerationwith
distancetraveled.Theseoscillationswerenotpresentinthepitch
histories.

Forallconfigurationstested,a minimumoffivesuccessfulflights
wasmadeandtheresultsoftheseflightswereaveraged.Theaverage
correctedandfairedvaluesofthenormal-accelerationincrementandthe
pitch-angleincrementasa functionofgustpenetrationarepresentedin
figures7 to9.

A comparisonofthevaluesoftheestimtedmaximumaccelerations
(determhedfromeq.(2)ofref.6 by usingtheexTertientaI.lift-curve
slope)andmeasuredmaximumaccelerationsisgiveninfigure10. The
acceleraticmhistories(fig.7) - themsximumaccelerationincrements
(fig.10)indicatethatboththe1/2-and2/3-spandeflectorconfigura-
tionswereeffectiveh reducingthemaximumnormal-accelerationincre-
mentinthesharp-edgegustbya~oximately20to40percent.This
reductionisingoodagrementwiththeexpectedreductionb normal-
accelerationticrementbasedcmthereductioninlift-curveslope
(fig.4). Inspectionofthepitch-anglehistories(fig.7) indicates
alsothat,althoughthepitchhgactioninthegustwaschangedbythe
additionofthedeflector,thechaugesweresmall.

-.. ----- — —... ..— .-— — .— — ——— —— -



8 NACATN3705

Theaccelerationhistories(fig.8)togetherwiththecomparison
betweencalculatedandexperimentaldata(fig.10)indicatethatboth
thespoilerandthespoiler-cleflectorconibinationwereeffectivein
reducingthenormal-accelerationincrementh @e sharp-edgegust.The
flightsmadeata forwardspe&iof120feetpersecondthrougha gust
havtiga velocityof10feetpersecond(fig.9)indicatesubstantially
thessmereductioninnormal-accelerationincrementasdidtheresults
presentedinfigure8. Thepitch-anglehistoriesindicatethatthe
spoilerconfigurationscausea greaterchangeh pitchanglethando
thedeflectorconfigurations;however,thepitcheffectsarestilll.
relativelysmaU,atleastuntilmaximumaccelerationisreached.

Althoughtheresultsinfigures7 to9 arefora sharp-edgegust,
theeffactivenessofthecontrolinothergustscsnbeestimated.The
effactivenessofthecontrolsingustswithgradientdistancesupto
20chordsisfairlyevidentinasmuchastimehistoriesforthewingwith
controlsshowapproxtitelya constantpercentagereductionforall
penetrationsuptothelimitofthetests.lhasmuchasthisreduction
smountstoanoverallreductioninresponsefarallinputsupto
20chords,superpositiontheorywouldyield.thessmereductionbothfor 1
gustswithgradientdistancesupto20chordsandforsharp-edgegusts.

Becauseboththespoileranddeflectorconfigurationsappeareffec-
tiveinsnupgust,itmightbeexpectedthatthecontiolswouldalso
beeffectiveina downgust.lhasmuchasexitfromthesharp-edgegust
correspondstoentrytntoa downgust,afewflightsweremadewiththe
2/3-spandeflectorconfigurationanddatawererecorded.forsomedistance
afterexitfromthegustprofileshowninfigure3. Thesedataare
presentedinfigure11. Byaddingtheaccelerationandpitch-angle
incrementsatgustentrytothetimehistoryatgustexit,thetime
historyfora continuousshsrp-edgegustwasconstructedasshownby
thedashedlineinfigure11. Althoughtheresultsareonlyapproxhuate,
theyindicatethatsubstantiallythessmealleviationcouldbe~ected
fora downgustasforanupgust.

.

Theresultsfromtheflightsofthemodelthroughsharp-edgegusts
indicatethat,fortheconditionsofthetests,theeffectivenessof
eitherthespoilerorthedeflectorwasnotappreciablyaffectedbylag.
Thisfactmaymeanthatthelagh effectivenessofa spoilerasobtained
fromabruptdeflections(ref.4)maynotberepresentativeofthelag
associatedwithanabruptchangeinangleofattackoftheMng with
spoilerdeflected.Becausethebasicmodelrequires8 chordlengthsto
obtainmaximumacceleration,itisnotpossiblefromthesetestresults
toevaluatecompletelytheeffectsofspoilerlag.Additionalinforma-
tionontheeffectofsuddenangle-of-attackchsngesonwtngswithfixed -
spoflersmustbeobtainedbeforeanydef%itestatementaanbemade
regarding‘theeffectofspoilerlagontheresponseofsna~lsne
enteringa sharp-edgegust.Itwouldappesr,however,thataWplsnes .>
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withresponse
investigation
locatedfixed

characteristicssfmilartothose ofthemcdelusedinthis
wouldgivesatisfactorygustalleviationwitha forward-
spoiler.II?thespoilerIsplannedtobeusedwhererapid

controlresponseisrequired,thelagrestitspresentedinreferencek
wouldindicatethatthespoilerwouldrequireasmuchas8 chordlengths
afterdeflectionbeforefulleffectiveness%muldberealized;however,
thedeflectorwouldobtainfull#festivenessinapproximately1 chord
length.

Short-Periodlh?equencyad Dsmping

Forcontinuousturbulence,theeffectofanycontrolontheshort-
periodfrequencyanddampingmsybeimportantanda reductionh fre-
quencyordampingmsybeexpectedtoincreasetheloadsingusts.Cal-
culationsforthebasicmodelandthe2/3-spsndeflectorconfiguration
indicatednosubstantialchangeintheperiod(frequencyofmotion)due
toadd+ngthecontrolonthetestmodelandshowedthatthecontrol
reducedthedamping(timetodamptoone-halfamplitude)from8.4chords
forthebasicmodelconfigurationto9 chordsforthe2/3-spandeflector
configuration.!Ihisreductionindicatesonlya veryslightdecreaseh
-ing andthealleviationofgustsasobtainedfromgust-tunneltest
resultsisaboutthealleviationthatwouldbeexpectedinflight.

CONCLUDINGREMARW

ResultshavebeenpresentedofanWrestigationintheLangley
300MPH7- by 10-foottunuelandtheLangleygusttunneltodeterndne
theeffectivenessoffixedspoilersanddeflectorsatthe12-percent-
chordlineasgustalleviatorsona sixmil.atddtransportairplanemodel
havinganunsweptwing●

Thelift-curveslopesforthisco&i@rationwitheitherthespoiler
orthedeflectorwerefatilylinearandweresubstantiallyreducedfrom
theslopesfortheplatiwing;however,useofthespoileranddeflector“
incombinationcausednonlinearitiesinthelift-curveslape.Extending
thedeflectorsregyiredonlysmallchangesinattitudeandtrimfor
maintenancee ofa givenliftcoefficient,whereasextend-thespoileror
spoiler-deflectorcombinationre@nd largechanges.

Thesegust-andwtnd-tunnelstudiestiicatethata ftieddeflector
placedneartheleadhgedgeofanunsweptwingwouldbea practicable
andeffectivealleviatorofgustloadswhenturbulenceisencountered
inasmuchasitreducesthenormalaccelerations,aidsh slowdownto
rough-airspeed,andregyiresonlysmalltrimchanges.

. . . . ------ -.—.- ..— ...-. — — .— - —.c -—— --- -————- —..—- . .
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Resultsofa limitedstudyofdeflectorsasgustalleviatorsona
35°sweptback-wingmcdelintheLangley300MPH7-by 10-foottunnel
indicatethat,inordertoobtainthessmeeffectivenessasobtained

.

withthe~wept ~, thedeflectorwouldhavetobelocatedmorerear-
wsa?dfromthelead~ edgeandwouldpossiblyrequirelargerprojections.

LsngleYAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics,

LangleylHeld,Pa.,Msxch15,1956.
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